57 11 2008 11 Vol.57 No.11 November 2008
1000-3290/2008/57 11 /7173-05 ACTA PHYSICA SINICA (©2008 Chin. Phys. Soc.

310018
2007 1219 2008 3 18

Fowler-Nordheim

PACC 7210 7220H 7390

10—12
. Zhou

10*—10° O
0.1—100 nm 1—2

17—21

67

89

21

.Zheng 7 . Fowler-Nordheim

* 10647149 20571067 20601024

T .E-mail wxqnano@ ¢jlu. edu. cn



57

7174
2.
900
21
17—21
v, V., = E d
R. < '
70T —=—(40%40)
—o—(60%60)
—a—(80%80)
650 [ ——(100%100)
xR yR 0 xR yR h .
17—21 550 t L 1 1 1 1 1 1 1 1
r 0. 05 0.15 0.25 0.35 0.45
0 ¢ h
1
_i( L) - QK
¢ 0 =g\ 720 dme, R
Y
+ E h + ——cos0 + E, rcosl
dreyr
L L 4 Fowler-Nordheim
K - - ]
2021 Py s 4 2N
B
IS TN SO 5
\Tr Wl 2\Tewl +3 Wi="r R /
R . S,
s, R
n =% J=n’sj
J
oJ _ 9O _
o Sy = 0=2j + n Sn = 0. 1
. =
1000 Fowler-Nordheim Jj = 7 exp
3
| X (—@T“L) A=1.54%x10"° B=6.83 x
100 ¢ eV sy =1

Fowler-Nordheim
E V/em E = BE,



11

7175
Fowler-Nordheim
2 B
J = 76"})( T E )

1
I . 1 R = —=h
2 BE, * + 2nBE, + nBe™ 5@%"‘ =0
o8 900
on ~ 0

§§ _ 2Emﬁz 2
dn = n 2E,B + Be™

28K, + 2nf + nBg™” 1000

5 eV 10
E, ~ 10'—10° V/em . E,
= 10" V/em 2
3B _ 2 x 10°8
dn = n 2x10'8 +6.83 x 107 x 5"

5 2
T TR B+5.6x10°

B g

= IETTFEHER | AR
— — 3
o R R B+5.6x10

—a—(40%40)
—o—(60%60)
, —a— (80%80)
B

_ 3 ——(100x100)
TRPB+56x10
1000

S

Bo - W B

SW 1003.5 — W 2 2

SR = R 1003.5 + 5600 — W ° 4




7176

57

Fowler-Nordheim

Duan X Niu C Sahi V. Chen J Parce ] W Empedocles S
Goldman J L 2003 Nature 425 274

Goldberger ] He R Zhang Y Lee S Yan H Choi HJ Yang P
2003 Nature 422 599

Song JH Zhang GM ZhangZ X Sun MY Xue Z Q 2004 Acta
Phys. Sin. 53 4392 in Chinese

2004 53 4392
Zhang W Xi Z H Xue Z Q 2007 Acta Phys. Sin. 56 7165 in
Chinese O 2007 56 7165

Zhang Z X Hou SM Zhao XY ZhangH Sun J P Liu WM
XueZ Q Shi ZJ Gu Z N 2002 Acta Phys. Sin. 51 434 in
Chinese
2002 51 434

Buldum A Lu J P 2003 Phys. Rev. Lett. 91 236801
Zheng X Chen GH LiZ DengS Xu N2004 Phys. Rev. Lett.
92 106803
Zhao Q ZhangHZ 7Zhu YW FengSQ SunXC XuJ YuD
P 2005 Appl. Phys. Lett. 86 203115
MaY P Shang XF GuZ Q LiZH WangM Xu Y B 2007
Acta Phys. Sin. 56 6701 in Chinese

2007 56 6701
Zhou G Duan WH Gu B G 2004 J. Chem. Phys. 121 12600
Zhou G Wu ] Duan W H Gu B G 2004 Phys. Rev. B 70
035405
Zhou G Duan W H Gu B G 2001 Phys. Rev. Lett. 87 095504
Teo K B K Chhowalla M Amaratunga G A ] Mlne W1 Pirio G

15

16

17

18

19

20

21

Legagneux P Wyczisk ' Pribat D Hasko D G 2002 Appl. Phys.
Lett . 80 2011
Choi JH Choi SH HanJH TooJB Park CY JungT YuS
G HanIT Kim JM2003 J. Appl. Phys. 94 487
Nilssion L Groening O  Emmenegger C  Kuettel O Schaller E
Schlapbach . Kind H Bonard ] M Kem K 2000 Appl. Phys.
Lett . 76 2071
Suh JS Jeong KS Lee J S Han 12002 Appl. Phys. Lett. 80
2392
Wang X Q WangM Ge HL Chen Q Xu Y B 2005 Physica E
30 101
Wang X Q WangM LiZH YangB WangFF HePM XuY
B 2005 Acta Phys. Sin. 54 1347 in Chinese

2005 54
1347
WangM  Shang X F Li ZH Wang X Q Xu Y B 2006 Acta
Phys . Sin. 55797 in Chinese

2006 55 797
Wang X Q Wang M Li ZH Chen Q Xu Y B He P M 2005
Ultramicroscopy 102 181
TuoM WangXQ GeHL WangM XuYB ChenQ LiLP
Chen . Guan G F XiaJ Jiang F 2006 Acta Phys. Sin. 55 6061
in Chinese

2006 55

6061



11 7177

Theoretical optimization for field emission current
density from carbon nanotubes array ”

Wang Xin-Qing’  Li Liang Chu Ning-Jie Jin Hong-Xiao ~Ge Hong-Liang
Zhejiang Province Key Laboratory of Magnetism  College of Materials Science and Engineering — China Jiliang University ~Hangzhou 310018  China
Received 19 December 2007  revised manuscript received 18 March 2008

Abstract
With the help of the floating sphere mirror image model and the Fowler-Nordheim equation the emission current density
from carbon nanotube was calculated in this paper. Taking the field enhancement factor and the emission current density into
account the field emission of carbon nanotube array was optimized in theory. The result shoved that the field emission from
carbon nanotube array is maximal when the intertube distance is equal to one tenth of the tube height which is a little smaller
than the previous result. When the intertube distance is larger the field enhancement factor increases but the emission current
density decreases even more rapidly with increasing intertube distance. For carbon nanotube arrays with higher array density the

field enhancement factor decreases greatly with the decreasing intertube distance due to the screening of the electric field.
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